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[57] ABSTRACT 
A depth measurement system produces independent 
signals, each presumably corresponding to the same 
movement of a wireline if produced under ideal wire 
line measurement conditions. The system- utilizes the 
signals to provide an accurate and repeatable signal 
under varying wireline measurement conditions and is 
particularly suitable for driving a recorder for depth 
recording and merging measurements from tools low 
ered in the borehole on different runs and to detect 
slippage between the wireline and a tangential wheel 
used to provide one of the signals. Slidably mounted 
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METHOD AND APPARATUS FOR PROVIDING 
REPEATABLE WIRELINE DEPTH 

MEASUREMENTS 

FIELD OF THE INVENTION 

Method and apparatus for providing wireline depth 
measurements for a borehole tool lowered in the bore 
hole on the wireline and more particularly for provid 
ing repeatable depth signals for depth matching and 
recording measurements made on different wireline 
runs. 

In general, two types of wireline depth measurement 
systems are used. One employs a calibrated tangential 
wheel or sheave at the surface, and the other employs 
marks (usually magnetic) placed on the wireline at 
known depths or intervals and under known reference 
.conditions. The wheel system will be described ?rst. 
The wireline measurement wheel is usually located 

several tens of feet from the top of the borehole, such as 
at the point where the wireline is supported above the 
borehole in a derrick, or between this point and a winch 
used to spool and store the wireline and run it in and out 
of the borehole. The placement of the wheel at a point 
some distance from the top of the borehole is necessary 
in order to provide room for long borehole tools to be 
seen as they emerge from the borehole and clear the 
borehole before encountering the ?rst restriction on the 
wireline. Further, the measurement wheel usually is 
located near the winchman’s depth counter and record 
ers used for recording measurements from the borehole 
tool since the rotation of the wheel may be mechani 
cally linked to drive these devices. 
There are several sources of error and varying condi 

tions which lead to poor accuracy and more particu 
larly to lack of repeatability when measurement wheels 
are used to drive depth counters and recorders. The 
linkage between the wheel and these devices and the 
devices themselves place a torque load on the wheel 
which, under adverse conditions often present at the 
wheel, cause errors in the depth measurements due to 
slippage between the wheel and the wireline. Further, 
changes in the circumference of the wheel due to mud 
buildup on the wheel, for example, or differences in 
contact area and variations in the pressure between the 
wheel and the wireline as the wireline is run in and out 
of the borehole produce additional instability, uncer 
tainty and inaccuracy to the measurements. As such, 
systems using a measurement wheel as the only source 
of depth information are generally unreliable for accu 
rate depth measurements and for driving a recorder for 
recording measurements from the borehole tool versus 
depth. This is particularly true when a recording made 
on one run must be accurately merged at corresponding 
depths with an additional recording made on another 
run. 

While low torque drives provide improvements, slip 
page is still a problem since wheel bearings can still fail, 
and wheel-to-wireline contact pressures vary for a num 
ber of reasons and more particularly because slippage 
may exist undetected for relatively long periods and 
accumulate sizeable errors before being detected. 

Slippage may be detected by an alert and experienced 
operator noting the apparent depth accumulated by the 
wheel does not match the depth corresponding to a 
mark on the wireline known to him, as for example a 
flag placed on the line on a previous run when the bore 
hole tool is at a known depth. Unfortunately, such ?ags 

35 

40 

45 

50 

65 

2 
are too infrequent, often not noticed by a tired operator, 
or the ?ag is at a depth too close to the bottom of the 
borehole such that slippage might accumulate unno 
ticed and falsely indicate a much too shallow depth, 
which consequently could allow the borehole tool to 
unexpectedly impact the bottom of the borehole. Simi 
larly, on the run out of the borehole, accumulated slip 
page may lead the operator to believe the borehole tool 
is deeper than indicated which could result in the unex 
pected surfacing and impacting of the borehole tool 
with a support sheave and endangering both equipment 
and personnel. 

It is therefore an object of the present invention to 
provide automatic slippage detection indications to 
alert the operator and allow for correction before seri 
ous errors accumulate. ‘ 

After correcting the cause of slippage, such as insuf? 
cient contact pressure, mud on the wheel, etc., an at 
tempt to correct for the accumulated slippage error 
may be made by the operator by adding or subtracting 
the accumulated slippage. Here the operator must be 
careful to remember the slippage depth correction must 
be added during the run into the borehole and sub 
tracted during the run out. Where ?ags or marks are 
present at close intervals on the wireline, these correc 
tions must be kept current as errors accumulated over 
several hundred feet may lead to possibility of confus 
ing one mark for another and correcting to the wrong 
mark. For example, in a magnetic mark depth system 
where marks are at lOO-foot intervals, a 50-foot accu 
mulation of slippage would provide a false depth indica 
tion midway between two marks. The operator would 
have to correctly identify the depth corresponding to 
these marks by remembering which direction slippage 
errors would affect the indicated depth and apply the 
corrections in the proper direction. This direction, of 
course, differs between the run in and the run out. 
When the slippage correction is made improperly, as in 
the above example, it is possible the entire log could be 
run and recorded 100 feet off the correct depth. 
Of course, even when the slippage correction is 

known and made properly, the indicated depth is cor 
rect only at the depth at which the correction is applied. 
Further slippage corrections are necessary as the bore 
hole tool depth is changed. 

It is therefore an additional object of the present 
invention to provide automatic and continuous correc 
tions for slippage to prevent accumulation of slippage 
errors and provide an accurate and consistent depth 
indication at all times during the run into and out of the 
borehole. 
One varying condition associated with measurement 

wheels is the accuracy and stability of their circumfer 
ence during the logging operation. Since each rotation 
of the wheel corresponds to an elemental length of the 
wireline, even a small error in this length accumulates 
on each rotation and can lead to large errors with prob 
lems similar to those described above for slippage. 
However, unlike the direction of the slippage error, the 
direction of the circumference variation errors may not 
be predictable, as the circumference may be either too 
large as, for example, increased through layers of mud 
packed on its surface, or too small, as decreased by 
wear. Further, extremes of operating temperatures may 
produce circumferences which are either too large or 
too small for the same wheel. 
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While the use of wheels made of material such as 
INVAR, which have low temperature expansion coef? 
cients, has somewhat minimized the circumferential 
variation of wheels due to temperature variations, man 
ufacturing tolerances and wear prevent all wheels from 
having an exact standard circumference. The wheels 
could be made adjustable, but then they must be seg 
mented and the segmenting creates new problems. 

Despite strict manufacturing control, operators learn 
from experience or calibration runs that one particular 
wheel is too large and another is too small. The opera 
tor then attempts to correct for each wheel variance, 
adding for one wheel while subtracting for another. 
The correction is one way while going in the borehole 
and the reverse while coming out. Further,’ operators 
tend to let the correction accumulate for long intervals 
such as several thousand feet and then enter the correc 
tion at one time. If corrections are to be done consis 
tently, both the direction and degree of each correction 
and the correction depth must be noted and repeated for 
each run. Still further, if a substantial time lapses be 
tween runs, different operators and even equipment 
may make different runs. Needless to say, confusion can 
result and errors are likely. 

Therefore, it is a further object of this invention to 
provide automatic and continuous corrections for a 
variance of a given wheel from an established standard 
for such wheels. 
Even if wheel variance corrections are conscien 

tiously applied both correctly and consistently, there 
are circumstances where the depth measurements from 
one wheel will randomly vary from another, at least for 
a short period, and not correspond exactly to the move 
ment of the wireline. For example, if material adheres to 
the tangential surface of the wheel, it will temporarily 
increase the diameter of the wheel at that point until 
pressed off, perhaps several rotations later. Also, mate 
rial may temporarily adhere to points preferentially 
along one side of the wireline, as for example, a water 
drop occasionally clinging to and freezing on the bot 
tom side of the wireline. These random bumps will 
arti?cially increase the path length of a wheel traveling 
over that side of the wireline such that the rotation of 
the wheel will not correspond temporarily to the wire 
line movement. 
With only one source of depth information available 

during a given run, there is little way the above sort of 
random variation can be detected. Further, since the 

' condition only exists on a temporary basis, even if de 
tected, it is not clear how the operator could provide an 
immediate and appropriate compensation. 

Therefore, it is a still further object of the present 
invention to produce at least two signals, each corre 
sponding at least under ideal measurement conditions to 
the wireline movement and a means for utilizing these 
signals to automatically provide a compensation for 
such random variations. ' 

Operational conditions associated with logging of a 
borehole render many industrial measurement devices 
impractical for well logging. One of these conditions is 
the necessity to repeatedly spool the wireline on a 
winch so that it may be stored between runs and trans 
ported from well to well. Spooling must be accom 
plished in an orderly manner such that wireline crush 
ing loads or variations in tension do not result at any 
point which might lead to distorting or breaking insula 
tion or electrical conductors contained within the wire 
line. To facilitate the spooling, a winch operator oper 
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4 
ates a mechanical spooling arm which engages the wire 
line and guides it along a selected Winding pattern as it 
is spooled on the winch to facilitate neatly spooling the 
wireline. 

It is preferred that the measurement Wheel be located 
in the proximity of the winch because the winch opera 
tor can then observe the action of the wheel. Unfortu 
nately, varying conditions are usually extreme in the 
proximity of the spooling arm. Both the spooling action, 
particularly at breaks in the spooling pattern near edge 
flanges on the winch, and variations in wireline tension 
caused by wireline and borehole tool drag on the side of 
the borehole, produce wide variations in lateral and 
vertical forces on the wireline as it is run in and out of 
the borehole. It is known that measurement wheel mea 
surements vary when such external forces are exerted 
on them changing the contact pressure and area and 
perhaps even distorting the shape of the wireline and/or 
the wheel. 

Variations in the contact area are important, since 
this varies the distribution of the pressure between the 
wireline and the wheel. A wheel having the wireline 
contact area one-half its circumference, as does the 
support sheave, will vary its measurements from an 
identical wheel having wireline contact only around 
one-fourth its circumference, as is typical of an align 
ment sheave, and will vary considerably from a wheel 
having a tangential contact. Thus,-one requirement for 
accurate wireline measurements under well logging 
conditions is the placement of the measuring wheel at a 
point on the wireline where the contact area will not 
vary and where contact forces are not suf?cient to 
distort either the wireline or the wheel. 

Possible placement points are limited because, as 
previously mentioned, adequate clearance must be pro 
vided for the borehole tool at the top of the borehole. 
Thus, for example, the wireline measuring wheel system 
used in wireline drilling and disclosed in U.S. Pat. No. 
1,768,809 would not provide the required clearance 
because it requires two wheels on opposite sides of a 
vertical section of the wireline present at the top of the 
borehole. The patent is of interest in that it shows two 
separate depth registers, one for each wheel, one regis 
ter to serve as a check on the other or to be used in the 
event one register became unserviceable. 
One approach to prevent slippage under industrial 

conditions ‘rather than well logging conditions is de 
scribed in U.S. Pat. No. 3,828,437, issued Aug. 13, 1974 
to J. C. Heselwood. A pair of opposing endless belts are 
held in frictional contact along the wireline. Each belt is 
operatively connected to a differential such that the 
drive load is shared between the belts. The output shaft 
of the differential actuates a digital counter device. 
While this device may be suitable for measuring newly 
manufactured wirelines under industrial conditions 
where variations in factors such as tension, temperature, 
weather and alignment may be carefully controlled, and 
no mud is present to fowl the belts, there is little assur 
ance such a device would work under well logging 
conditions and on wirelines in various states of cleanli 
ness, age and corrosion. Further, such devices are not 
required to drive a recorder in correspondence with the 
movement of the wireline. 

It is therefore a still additional object of the present 
invention to provide method and apparatus for provid 
ing signal representative of the movement of a wireline 
used for lowering a borehole tool in a borehole under 
varying wireline measurement conditions, with the 
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signal being suitable for driving a recorder to move in 
correspondence with the wireline movement. 
The type of accuracy of wireline length measure 

ments required by industry in selling new wireline or in 
cable tool drilling to roughly determine the depth of a 
borehole is somewhat less demanding than depth mea 
surement requirements for well logging. Further, in 
industrial and drilling operations, there is little need for 
repeatable measurements. In well logging, the necessity 
for repeatable depth measurements is now more impor 
tant than ever, not just because boreholes are deeper, 
but additionally because more runs are being made on 
each borehole and measurements for each run must be 
accurately depth merged with one another to enable 
processing via computer. In such merging and process 
ing, it is important that measurements obtained from a 
given point in a borehole on one run be merged accu 
rately with all additional measurements obtained from 
the same point on other runs. For this to be done, the 
depth signals used to drive the recorder on each run 
must be highly repeatable, not only so starting points of 
each recording correspond, but also so that the same 
number of samples be produced as a function of the 
depth signals on each run between any two points along 
the borehole. 

It is therefore an object of the present invention to 
provide method and apparatus for providing a repeat 
able signal suitable for driving a recorder for depth 
recording measurements from different runs in and out 
of the borehole, such that these measurements can be 
accurately depth merged. Depth recording as used 
herein, is de?ned as recording measurements obtained 
from a borehole tool in correspondence with a depth 
indication for the tool derived from wireline measure 
ments. By example, measurements obtained from the 
tool may be sampled and recorded at ?xed increments 
of depth or wireline movement with the depth of at 
least one sample known and therefore the depths of all 
other samples readily computable. By further example, 
measurement from the tool may be obtained at ?xed or 
random times, and recorded along with the depth indi 
cation for the tool at that time. 

SUMMARY OF THE INVENTION 

Accordingly, method and apparatus are described for 
providing a repeatable signal representative of move 
ment of a wireline under varying wireline measurement 
conditions. This repeatable signal is particularly suitable 
for driving a recorder used for depth recording mea 
surements from a borehole tool lowered in a borehole 
on the wireline. Accurate depth merging of measure 
ments recorded from different borehole tool runs can be 
accomplished despite variations in wireline measure 
ment conditions which typically produce slippage of 
mechanically coupled measurement devices. 

In one embodiment, independent signals are pro 
duced, each corresponding to the wireline movement at 
generally the same point on the wireline. These signals 
presumably correspond to the same movement of the 
wireline if produced under ideal measurement condi 
tions. However, when wireline measurement conditions 
vary, it can be presumed that one of the signals may 
deteriorate and not correspond to or repeat with the 
movement of the wireline. Accordingly, the signals are 
automatically utilized to provide a repeatable signal 
representative of the wireline movement even when 
wireline measurement conditions are less than ideal. 
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In one form of the inventionindependent signals are 

produced from substantially identical wireline measure 
ment wheels tangentially coupled to the wireline in 
substantially the same manner for rotation of the wheels 
with movement of the wireline. Low torque-load signal 
generators each responsive to the rotation of one wheel 
are used for generating the independent signals corre 
sponding to the rotation. 

Additional features of the invention comprise slidable 
and pivotally mounted carriages for supporting the 
wheels and the utilizing of the independent signals cor 
responding to their rotation. 
The wheel support carriages are slidably mounted on 

opposite sides of a chassis and provide for a slidable 
movement of the carriages along two substantially par 
allel lines transverse to the direction'of the wireline 
movement. Carriages and mounts de?ne a rotation 
plane for the wheels which is generally parallel to a 
plane including these two parallel lines. Wheels on op 
posite sides of the chassis are equally biased to slide 
towards each other and tangentially engage opposite 
sides of the wireline between them. The biasing is op 
posed and balanced between the wheels and mechani 
cally couples in substantially the same manner the wire 
line movement to rotate the wheels. The slidable 
mounts and carriages are pivotally supported on the 
chassis and align the rotational plane of the wheels to 
include the path of the wireline; the slidable mounted 
carriages, biasing of the wheels and pivotal supports 
cooperating to yield to unbalanced lateral forces ex 
erted on the wheels. Otherwise, lateral forces, such as 
for example, those forces used to spool the wireline, 
might be exerted on one of the wheels, varying the 
contact force and tangential bearing area, causing the 
measurement wheels to differ in their rotational re 
sponse. 

Features of the invention utilizing independent sig 
nals corresponding to the rotation of the wheels com 
prise, in one form, comparing the independent signals to 
determine which signal corresponds to the more rapidly 
rotating wheel. One wheel appearing to be more rapidly 
rotating than another wheel is an indication that the less 
rapidly ‘rotating wheel may be slipping or otherwise 
operating in an irregular manner, and cannot be ex 
pected to repeat. Accordingly, the signal corresponding 
to the more rapidly rotating wheel is selected as the 
repeatable signal. Additional features provide for indi 
cating the apparently slipping wheel to alert the opera 
tor so that appropriate action may then be taken. 
Where the comparison ?nds the signals differ only by 

a small percentage indicating each wheel is operating 
under substantially the same wireline measurement con 
ditions, the signals are automatically averaged to pro 
vide a more repeatable signal. Where the difference 
between the signals is more than a small percentage, an 
automatic selection of the signal from the apparently 
more rapidly rotating wheel provides the repeatable 
signal. ‘ 

It should be understood that a slipping wheel indica 
tion does not necessarily mean the wheel is actually 
slipping but may mean other factors having the same 
result may be present such as a faulty linkage between 
the wheel and an encoder used to generate the signals or 
faulty electronics or connections associated with the 
encoder causing some loss of signal. 
For a better understanding of the present invention 

together with other and further objects thereof, refer 
ence is made to the following description taken in con 
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nection with the accompanying drawings, the scope of 
the invention being pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A shows a side view and FIG. 1B a top view 
of a typical well site set up for depth recorder, wireline 
spooling, measuring wheel, support and alignment 
sheaves and borehole tool. 
FIG. 2 shows a schematic representation of the wire 

line depth measurement system of the present invention. 
FIG. 3A is a perspective view of apparatus for pro 

viding signals corresponding to wireline movement in 
accordance with one feature of the invention. 
FIGS. 3B and 3C are cross-sections of part of the 

apparatus of FIG. 3A. 
FIG. 3D is a top view, in partial section, of part of the 

apparatus of FIG. 3A. 
FIG. 4 illustrates circuit diagrams for method and 

apparatus in accordance with the invention. 
FIGS. 5A through 5D show signal processing ?ow 

diagrams; ' 

FIG. 6 shows a timing diagram; and 
FIG. 7 shows a correction circuit corresponding to 

the circuits illustrated in FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1A, there is shown a mobile 
laboratory unit 10 set up near a derrick 11 to lower a 
borehole tool 12 into a borehole 13 on the end of a 
wireline 14. The borehole tool 12 may be, for example, 
a logging sonde for investigating the formations tra 
versed by borehole 13. The wireline 14 from which the 
borehole tool 12 is suspended runs over a support 
sheave 15 suspended from the derrick 11 and over a 
bottom sheave 16 aligned with a winch 17 mounted on 
unit 10. While in use during logging, the wireline is 
guided on and off the winch 17 by spooling arm 21 
arranged over winch 17. To measure the depth of bore 
hole tool 13, wireline movement on the surface is mea 
sured by means of a detection device 20 mounted at the 
end of spooling arm 21. The detection device 20 is 
guided along the wireline as the spooling arm swivels 
laterally to guide the wireline spooling, as can be seen 
from the top view in FIG. 1B. 
The wireline detection device 20 shown in FIGS. 1A 

and 1B is of a well-known type. A measurement wheel 
20 rides along the top of the wireline 14, its weight and 

" perhaps additional pinch wheels, not shown, mechani 
cally couple the wheel to the top side of the wireline. A 
mechanical linkage 22 couples its rotation through a 
clutch 22A to a mechanical depth indicator 23 and 
perhaps to a recorder 18. A hand crank 22B in‘the link 
age allows adjustment of depth at indicator 23 and at a 
recorder depth indicator 23A. Recorder 18‘is electri 
cally connected to conductors in the wireline through 
slipring collector on winch 17. 

In some cases, magnetic marks previously placed on 
the wireline at regular intervals, such as every 100 feet, 
may be detected at magnetic mark detector 20A, and 
electrically connected to a mark indicator 19, usually in 
the form of a bell. Placement and use of these marks is 
described in US. Pat. No. 3,566,478 issued to D. F. 
Hurlston on Mar. 2, 1971. 

Brie?y, while running the wireline in and out of the 
borehole, an operator is expected to maintain the same 
lower signi?cant digits; i.e., ones and tens digits, on 
indicator 23 by adjusting hand crank 22B when a mag 
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8 
netic mark is indicated. This manual adjustment thereby 
corrects for slippage of wheel 20 occurring between 
these detected marks. As already discussed, if slippage 
is excessive or allowed to accumulate over several mark 
intervals, it is possible for the operator to confuse one 
mark for another and make the adjustment incorrectly. 

It is well known that varying wireline measurement 
conditions, such as mud coating on the wireline or the 
measurement wheel case wheel slippage on the wireline 
and affect the wheel measurement. However, it is now 
recognized that curvature of the wireline path at the ' 
point of measurement also affects the measurement. 
Further, changes in the wheel-to-wireline contact pres 
sure cause small, short-term variations. A curved path, 
as shown in FIG. 1A by an angle a, may result from sag 
in wireline 14 between winch 17 and lower sheave 16 
during periods of low wireline tension. Changes in ten 
sion tend to accelerate the wireline and measurement 
wheel in a vertical plane and change the degree of cur 
vature as well as bounce the measurement wheel 20 on 
the wireline. 
As shown in FIG. 1B, the spooling of the wireline 14 

on winch 17 also causes wireline path curvature and 
acceleration forces. During spooling, spooling arm 21 
swivels laterally across winch 17, forcing the proper 
placement of wireline 14 on winch 17. Considerable 
lateral forces are required to deflect the wireline at an 
angle [3, shown in FIG. 1B, from a center line. These 
forces are extreme when the wireline is held against the 
?anges of the winch in order to start each new layer. 
Since these lateral spooling forces are applied at the end 
of the spooling arm 21, the wireline path can be ex 
pected to curve at the point where the force is applied. 
As previously discussed, many of these problems 

could be avoided by using the vertical section of wire 
line just above the top of the borehole, if it were not for 
the borehole tool clearance requirements associated 
with well logging. However, in accordance with this 
invention, these problems are overcome while still 
meeting this requirement and providing the advantages 
of operator visibility and short recorder linkages in 
having the measurement device at the end of spooling 
arm 21. ' 

Referring now to FIG. 2, there is shown in schematic 
form some features of the present invention and how 
they may be integrated into a depth measurement sys 
tem. In contrast to the single wheel 20 of the prior art 
riding on top of wireline 14 as shown in FIG. 1A, sub 
stantially identical wheels 135 and 140 are employed on 
opposite sides of the wireline. As seen by the operator 
behind winch 17, wheel 135 is the right wheel and 140 
the left wheel. Wheel 135 is rotatably supported on 
carriage 100 and wheel 140 on carriage 101. Carriages 
100 and 101 are slidably mounted on tubular mounts 94 
and 97, which in turn are pivotally supported on chassis 
24 at 91 and 92 for mount 94 and at 96 ‘for mount 97. 
These mounts align wheels 135 and 140 and de?ne their 
rotational plane to include the path of the wireline at a 
point between the wheels. The detailed construction of 
these carriages, mounts, chassis and wheels may be seen 
in FIGS. 3A through 3D which will be described later. 

Biasing springs visible only in sectional FIG. 3D are 
contained in mounts 94 and 97 to bias carriages 100 and 
101 and wheels 135 and '140‘ respectively supported 
thereon equally towards each other, the carriages slid 
ing on mounts 94 and 97, which are parallel and aligned 
transverse to the direction of movement for wireline 14. 
In this manner, bo'th wheels 135 and 140 are tangentially 
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coupled to opposite sides of wireline 14 at the same 
point on the wireline. Since the presence of the wireline 
between the wheels stops the sliding of the wheels 
toward each other, the biasing forces balance and clamp 
the wireline between them. This assures the same 
wheel-to-wireline contact pressure for each wheel. Fur 
ther, since each wheel rotates in substantially the same 
horizontal plane, this eliminates the weight of the 
wheels as a contact pressure factor. Further, the verti 
cal acceleration on the wireline due to changing ten 
sion, as previously discussed, will not affect the contact 
pressure of either wheel. The combined results are that 
each wheel is coupled for rotation to the wireline in 
substantially the same manner. 
A chassis 24 is supported and guided on wireline 14 

by sets of guide wheel assemblies 40A, 40B and 40C and 
prevented from rotation or movement along wireline 14 
by connections to spooling arm 21 at block 30. The 
chassis 24 in turn pivotally supports mounts 94 and 97 
upon which the carriages slide. This arrangement pre 
vents most lateral spooling forces being transferred 
from spooling arm 21 from being exerted on wheels 135 
and 140. The details of these pivotal supports will be 
described later. 

Lateral spooling forces transmitted from spooling 
arm 21 to block 30 are applied to wireline 14 by two 
vertical guide rollers 36 and 37. Common to a plane 
including rollers 36 and 37 is a vertical pivot, not shown 
in FIG. 2, but detailed in sectional drawing FIG. 3B. 
This pivot allows chassis 24 to swivel and align itself 
along wireline 14 as guided by guide wheel assemblies 
40A through 40C. Since lateral spooling forces will be 
exerted on the wireline at rollers 36 and 37, which are 
on one side of guide assembly 40B and measuring 
wheels 135 and 140 are on the other side, there will be 
little curvature of the wireline at these wheels. Further, 
as will be appreciated from FIGS. 3A through 3D and 
the description provided later in regard to these ?gures, 
the pivotal nature of supports for mount 94 at 91 and 92 
and mount 97 at 96 to chassis 24, slidably mounted 
carriages 100 and 101 and biasing means included in 
these mounts cooperate to yield to any unbalanced 
lateral forces at the wheels. Both wheels simply slide to 
one side on the slidable mounts in response to any unbal 
anced lateral force; i.e., a force applied on one wheel 
and not on the other. This sliding relieves any unequal 
or unbalanced force and maintains the normal self 
balancing biasing forces. Since no unbalanced forces are 
possible and only the controlled biasing forces can be 
exerted on the wireline by the wheels, wireline mea 
surement conditions are produced, which allow either 
wheel to provide a repeatable signal representative of 
movement of the wireline between the wheels. 
Two low-torque signal generators 136 and 137 re 

sponsive to the rotation of measurement wheels 135 and 
140 respectively produce two signals each correspond 
ing to wireline movement at the point between the 
wheels. These signals presumably would correspond to’ 
the same movement of the wireline, at least under ideal 
wireline measurement conditions. However, as previ 
ously discussed, there are random and short period 
variations of wireline measurement conditions which 
would not be detected by the most alert operator. For 
example, even substantial slippage errors from one of 
the wheels would not be noticed until a magnetic mark 
was detected. Only then could the slippage be corrected 
by the usual hand crank adjustment. Since such a cor 
rection is made manually, some time after it occurs, and 
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since it is unlikely that the same slippage will occur at 
the same depth on each run, manually corrected depth 
measurement signals cannot be expected to repeat.- Not 
only will the slippage between each magnetic mark 
interval vary from run to run, but the method of apply 
ing the correction may vary for each interval and even 
for corresponding intervals on different runs. There 
fore, in order to provide repeatable depth measurement 
signals, it is important to automatically and systemati 
cally detect slippage as it occurs as provided _by this 
invention. It is also important to take appropriate and 
immediate corrective action as provided by a further 
feature of this invention. However, it will now be neces 
sary to review brie?y the nature of optical encoders 
used as low-torque signal generators in conjunction 
with directional sensing circuits. 
As shown in FIG. 2, such an encoder may be used in 

conjunction with either wheel 135 or 140 as shown at 
136 and 137. Each encoder generates two channels of 
signals such as described in the above Hurlston patent 
and as illustrated by lines 180 and 181 for signal genera 
tor 136 which responds to the rotation of the right 
wheel 135 as shown in FIG. 2. As described in the 
above patent, the relationship between these two chan 
nels enables the determination of the direction of rota 
tion and output of a single series of pulses. It will be 
appreciated that these series of pulses may be directed 
to separate outputs and appear as negative pulses when 
the wheel is rotated corresponding to decreasing depths 
as for example, when the wireline is moving out of the 
borehole, or as positive pulses when the wireline is 
running in the borehole. Signal generators of this type 
are well known and typically provide pulses corre 
sponding to one-half inch increments of the measuring 
wheel circumference. - 

Due to manufacturing problems, it is unlikely that 
any two measurement wheels can be made to be exactly 
identical. It is less costly, and therefore more practical, 
to provide for electronically calibrating each wheel to a 
desired standard, particularly since it is a straightfor 
ward process to determine the calibration factors re 
quired to bring the wheel to this standard. Therefore, as 
shown in FIG. 2 at block 301, a correction circuit such 
as shown in FIG. 7 to be described later is employed to 
calibrate the wheel to this desired standard. A corre 
sponding calibration circuit is shown for the left wheel 
140 at 303. After such individual calibration, the signals 
corresponding to rotation of wheels 135 and 140 pre 
sumably correspond to the same movement of the wire 
line under ideal conditions. Of course, it is understood 
that, if conditions deteriorate from ideal such that slip 
page of one of the wheels occurs, these signals will not 
correspond. Accordingly, it is a feature of this invention 
to automatically utilize these two signals to provide the 
most repeatable signal representative of the wireline 
movement when wireline measurement conditions are 
less than ideal. 
As shown in FIG. 2, two signal generators 136 and 

137 responsive to the rotation of measurement wheels 
135 and 140, respectively, produce two signals each 
corresponding to the wireline movement at a point 
between the wheels. If desired, these signals are cali 
brated to correct for differences between the wheels 
and a desired standard. These signals are automatically 
utilized to provide further features of the invention. 

Accordingly, and as shown at block 304 in FIG. 2 
and detailed in FIGS. 4 through 6, independent left and 
right measurement signals are processed to see if they 
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compare. If they agree within a small percentage, it is 
an indication that both wheels are operating under simi 
lar and repeatable wireline measurement conditions. In 
this case, the measurements may be simply averaged. If, 
however, one wheel appears to be rotating faster than 
the other, the less rapidly rotating wheel may be slip 
ping and cannot be expected to repeat. An appropriate 
indicator 352 or 353, as shown in FIG. 2, is then acti 
vated to alert the operator that the corresponding wheel 
is slipping. Further features provide for automatically 
selecting the faster rotating measurement wheel as the 
repeatable measurement. The details of these features 
are shown in FIGS. 4 through 6. 

Referring again to FIG. 2, a general description of 
how repeatable depth signals may be utilized will be 
given now. As described in co-pending application Ser. 
No. 706,105 ?led July 16, 1976. by J. H. Guignard, et al., 
co-?led with the present application, i-Slmc pulses cor 
responding to small increments of wireline movement 
(plus for increasing depths going in the borehole, and 
minus for decreasing depths coming out) are corrected 
for differences in tension between the actual tensionv 
measured at 40 just above support sheave 15, and a 
desired reference tension TR according to well known 
relations utilizing an elastic coef?cient E for the partic 
ular wireline. This provides increments corresponding 
to wireline movement as it would be measured under 
the known reference conditions at the surface and pro 
duces signals corresponding to :81}; shown as output 
of block 540 of FIG. 2. . 
Magnetic marks previously placed on the wireline 

may be detected at 20A or alternatively at 147 as shown 
in FIG. 2 and connected to activate mark indicator 19in 
the usual manner. However, these marks may also be 
used to control the accumulation in counter 546 of the 
iSlR pulses output from block 540. In this manner, the 
number of pulses corresponding to the interval between 
each magnetic mark is accumulated and compared with 
the number normally expected. A de?ciency in 81R 
increments corresponds to slippage of a mechanically 
coupled wheel as compared to the magnetic marks and 
can be detected as shown at 550 and indicated at 332. 
De?cient 81R increments can also be added to the exist 
ing iSlR pulses to provide automatic slippage cor 
rected pulses i811“. 
Magnetic marks may be placed on the wireline using 

the above 8lRpulses input to block 550 of FIG. 2 by 
accumulating the pulses until the number corresponding 

" to the interval between magnetic marks is obtained. 
Then the magnetic marking circuit 548 is triggered. 
When switch 549 is in the ON position, electromagnet 
163 will be pulsed to place a magnetic mark at that point 
on the wireline which has been previously erased by 
solenoid 160. Where no reliance can be placed on old 
marks or none-exist, as during initial marking, no pro 
tection for slippage can be provided as described above 
by counting the number of movement increments be 
tween previously installed magnetic mark intervals. 
Consequently, it is important to have a reliable and 
slip-protected mechanical measuring system such as the 
force balancing wheel system of the present invention. 

After further correction for elongation of the wire 
line between the surface and the borehole tool due to 
the tension TB caused by the weight of the wireline tool 
as shown at block 340 of FIG. 2, pulse signals are added 
during descent and subtracted during raising of the 
borehole tool to provide its depth as indicated at block 
580 of FIG. 2 or compared at block 582 to similar more 

20 

25 

30 

45 

60 

65 

. 12 

mental pulses from recorder 18 to synchronize the re 
corder depth 594 with the borehole tool depth. Also 
shown at FIG. 2 is a mechanical backup system 80 
much as described in regard to FIG. 1A consisting of 
measuring wheel 76 in guide wheel assembly 40B and 
mechanical linkage 22 which may be coupled by means 
of clutch 22A and hand crank 22B to mechanically 
drive recorder 18. Since this system is entirely mechani 
cal, it could be used in case of a failure such as a com 
plete lack of electrical power. Now that the utilization 
of depth measurements has been generally described, a 
detailed description of the measurement wheel assem 
bly will be provided. 

Referring to FIG. 3A, where is shown a chassis 24 
made up of two parallel longitudinal rods 25 and 26, 
each having its rear end ?xed to block 30. A longitudi 
nal axis for the chassis is de?ned by line 28 parallel to 
rods 25 and 26 located midway between these rods. 
Block 30 is mounted via universal joint not seen in FIG. 
3A but shown in detail in FIG. 3B at the lower end of 
bracket 32 and ?xed through its middle to pivot on 
spooling arm 21. The universal joint comprises, in a 
conventional manner, a crosspiece having a ?rst pivot 
33A shown in FIGS. 3A and 3B mounted rotatably in a 
bore provided in block 30 perpendicular to rods 25 and 
26 and a second pivot 33B shown only in FIG. 3B 
mounted rotatably in a bore in the bottom of bracket 32 
and pierced perpendicular to the direction of ?rst pivot 
33A and to the general direction of the lateral traverse 
of spooling arm 21, such that it lies in a vertical plane. 
The universal joint allows longitudinal axis 28 of the 
chassis 24 to swivel in any direction around the center 
of the joint but prevents rotation of the chassis 24 
around longitudinal axis 28 and around wireline 14. 

Referring now to FIG. 3B, there is shown in section 
details of the universal joint discussed above. It should 
be pointed out that pivots 33A and 33B, as well as the 
two rollers 36 and 37, all having their axis in a common 
plane, such that most lateral spooling forces applied to 
the base bracket 32 will be transmitted to rollers 36 and 
37 and then to wireline 14 without transfer to chassis 24. 
Rods 25 and 26 are shown pivotally coupled to block 30 
at pivot 33A allowing chassis 24 to swivel vertically. 
Block 30 in turn is coupled at pivot 33B to allow block 
30 and chassis 24 to swivel laterally. At the same time, 
the bottom face 35 of block 30 to which rollers 36 and 
37 are rotatably mounted may pivot at 33B, the rollers 
thereby imparting lateral forces to wireline 14 con 
tained therebetween and held from below by sheave 
wheel 77 in opposition with support wheel 76. The 
details of arm 61, pin 65 and lever 73 will be described 
in regard to corresponding numbers for corresponding 
parts shown in guide assembly 40A, described in detail 
in regard to FIG. 3C. 

In normal operation, spooling arm 21 and second 
pivot 33B are linked through bracket 32 such that sec 
ond pivot 33B is kept approximately vertical and ?rst 
pivot 33A substantially horizontal. A plane of symme 
try 34 for rods 25 and 26 located midway between these 
rods, and hereinafter called the axial plane of the chas 
sis, is thus kept generally vertical. The two cylindrical 
rollers 36 and 37 between which runs wireline 14 are 
equal distances from the axial plane of the chassis and 
guide the wireline by means of lateral forces transferred 
through spooling arm 21 to spool the wireline on winch 
17. It will be noted that a lateral force applied to rollers 
36 and 37 will not impart any force opposing the posi 
tion of the chassis 24 along the wireline 14. 
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Chassis 24 is maintained along wireline 14 by means 
of two guiding assemblies 40A and 40B mounted re 
spectively at the front and rear ends of rods 25 and 26. 
These guiding assemblies are represented in cross sec 
tion in FIG. 3C and comprise a body 42 made up of two 
tubular parts 43 and 44 mounted respectively on rods 25 
and 26, two longitudinal ?anks 45 and 46 and two trans 
verse ribs 47 perpendicular to the tubular parts 43 and 
44. The body 42 also comprises two drums 50 and 51 
opposite each other and going respectively through 
?anks 45 and 46. The drums 50 and 51 are pierced with 
coaxial bores in which are mounted two ball bearings 52 
and 53. A support wheel 54 is keyed on hub 55 and 
mounted rotatably in ball bearings 52 and 53. The axis 
of rotation of support wheel 54 is thus perpendicular to 
the axial plane 34 of chassis 24. 
A sheave wheel 56 having a peripheral groove 57 in 

the shape of a V is mounted rotatably on ball bearings 
'60 in turn mounted on arm 61 which is hinged on pivot 
62 and mounted at the lower part of transverse rib 47. 
Beyond pivot 62, arm 61 has an extension 63 at the end 
of which is hinged a link 64 by means of pin 65. Link 64 
has a ?ange 68 mounted slidably in a cylinder 66 with a 
travel-limited inelastic ring 67. A spring 70 is mounted 
in compression between ?ange 68 and the head of cylin 
der 66 which has an extension 71 hinged by pin 72 to 
lever 73. Lever 73 is itself hinged on the pivot 74 which 
is ?xed to the transverse rib set at 47. When lever 73 is 
in the low position as shown in FIG. 3C, spring 70 is 
compressed and biases extension 63 of arm 61. down 
ward. Sheave wheel 56 is thus driven upward and 
pressed against wireline 14 which in turn is held against 
wheel 54. To clear the wireline from the guiding assem 
bly, lever 73 is placed in an upper position not shown, 
thereby decompressing spring 70 and allowing sheave 
56 to shift downward around pivot 62. The guiding 
assembly 40B placed near block 30 is similar to assem 
bly 40A and comprises support wheel 76 and sheave 
wheel 77 identical to wheel 54 and sheave 56. However, 
the hub of wheel 76 is connected via a bevel gear 80 and 
in turn to a mechanical linkage 22 not shown here but 
previously shown in FIG. 2. Such as described therein, 
the rotation of wheel 76 may be used to mechanically 
transmit in case of emergency the wireline movement. 
Between the two guiding assemblies 40A and 40B and 

pivotally supported on rods 25 and 26 is apparatus for 
producing signals corresponding to movements of wire 
line 14. A top view of this apparatus is shown in partial 
section in FIG. 3D which will be described now. A 
frame 85, also shown and forming part of chassis 24 will 
be described first. 

Rectangular frame 85 comprises at its four corners 
clamps such as 86 directed upward and adapted to re 
ceive rods 25 and 26. A vertical slit 87 makes it possible 
to secure clamp 86 on rod 25 by means of screw 90. A 
transverse rear part of frame 85 comprises two clamps 
91 directed downward and symmetrically arranged 
with respect to the axial plane 34 of chassis 24. Clamps 
91 are adapted to receive a transverse tube 94 forming 
part of one slidable mount. Screws 93 secure clamp 91 
on tube 94 and keep it in a position perpendicular to 
axial plane 34. A front transverse part of the frame 85 is 
?xed by means of nut 95 and adjustable-position clamp 
96 to a second transverse tube 97 forming part of an 
other slidable mount. ‘ 

On either side of axial plane 34, two carriages 100 and 
101 are mounted slidably on transverse tube 94 and 97. 
Carriage 100 comprises two tubular parts 102 and 103 
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connected by two spacers 104 and 105 to central annu 
lar part 106. The tubular parts extend downward by 
means of uprights 107 and 108, whose lower parts are 
connected by an open plate 110. In tubular part 102 are 
mounted ball sockets 111 and 112, kept in place by 
elastic rings 113 and 114. Ball sockets 111 and 112 are 
mounted slidably on tube 94, as seen in section in FIG. 
3D. Not shown but slidably mounted on tube 97 are 
similar ball sockets. A crown 115 ?tted into tubular part 
102 is equipped with seals 116 and 117 and has a 
threaded part 120 and an end pierced with a hole 121 
adapted to receive a pin 122. 
A plug 123 is screwed on the threaded part 120. An 

elastic bellows 124 is ?xed at the opposite end of tubular 
part 102 to prevent the entry of solid particles into the 
ball sockets. 

Inside tube 94, a spring 125 is mounted in tension 
between pin 122 and a corresponding pin of the sym 
metrical carriage 101. Tubular part 103 is mounted 
slidably in the same manner as part 102 on tube 94 but 
on transverse tube 97, which also contains a spring 126. 
Springs 125 and 126 are of substantially equal strength 
and bias carriages 100 and 101 to slide towards each 
other. 

This assembly of two carriages sliding on ball sockets 
on two transverse tubes is statistically indeterminant 
and makes the assembly indeformable such that they do 
not require rigid frame 85 for their attachments to chas 
sis 24. This arrangement is shown in FIG. 2. It is suf? 
cient for these tubes to be ?xed at the chassis at three 
points, one of which has an adjustable position to center 
the axial plane 34 over wireline 14. As illustrated above, 
these three points are at 96 for tube 97 and at both 
clamps 91 for tube 94. In FIG. 3B tubes 25 and 26 are 
shown in relation to clamps 91 and 92, respectively 
which appear there as hidden lines. Also shown is an 
end view of carriages 100 and 101 along with a partial 
edge view of wheels 135 and 140. 

Returning now to FIG. 3D, on a central part 106 is 
?xed, by means of screws not shown, a bearing body 
130 in which is mounted a ball bearing 131. Similarly, in 
the middle of open plate 110 is ?xed by means of screws 
132 a second bearing body 133 (visible in FIG. 3A) and 
contains a ball bearing coaxial with bearing 131. Inside 
these two bearings is mounted rotatably shaft 134 of 
measurement wheel 135 which, because of its tangential 
contact on the side of wireline 14 when carriage 101 is 
driven towards axial plane 34 by springs 125 and 126, 
will pinch wireline 14 and rotate with its movement. 
At the upper end of bearing body 130 is ?xed photoe 

lectric encoder 136. This conventional-type encoder 
comprises a disk on the periphery of which are en 
graved alternately transparent and opaque zones which 
cut off the optical path between a light source and re 
ceiving cells. The disk of the encoder 136 is connected 
to shaft 134 of measurement wheel 135 to respond to its 
rotation. The encoder delivers two signals having fre 
quencies proportional to the rotating speed of the wheel 
135, these two signals being out of phase by +90", as 
shown in FIGS. 6A and 6B, depending on the rotating 
direction. 

Likewise, a- second measurement wheel 140 is 
mounted rotatably on carriage 101 so as to come into 
tangential contact on the other side of wireline 14. On 
carriage 101 is mounted a second encoder 137 like en 
coder 136 which generates signals representative of the 
rotation of wheel 140. It will be noted that springs 125 
and 126 have a combined effect of pinching the wireline 
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between the two measurement wheels. These pinching 
or contact pressures oppose each other and balance out 
so that equal contact pressures are exerted on the wire 
line by each wheel. They also do not exert any force 
opposing the transverse movements of this force 
balanced measurement wheel assembly which might be 
produced from the effect of a curve in the wireline in 
the rotational (here horizontal) plane. In the optimum 
position of the device in which the points of application 
of the measurement wheels are on a horizontal section 
of wireline 14, the application forces of these wheels 
against the wireline are in opposite directions and equal 
to each other because they are due only to the sum of 
the tensions of biasing springs 125 and 126. 
On the chassis 24 are also mounted means for spread 

ing the measurement wheels away from each other and 
allowing the installation of the wireline between these 
two wheels. In the middle of a stirrup 142 ?xed to longi 
tudinal rods 25 and 26 is rotatably mounted a vertical 
shaft 143 at the lower end of which is placed a cam 144. 
At the top part of shaft 143 is ?xed an inclined lever 145 
which allows cam 144 to be rotated manually. Cam 144 
has two ?at parts 146 near each other and two grooves 
150 and 151 further apart, connected to the flat parts by 
symmetrical rounded parts. An internal spring (not 
shown) keeps the cam in the position of FIG. 3D. An 
arm 152 is ?xed to the side of carriage 100 by screws 153 
and extends horizontally up to a certain distance from 
flat parts 146. Another symmetrical arm is ?xed to car 
riage 101. When lever 145 is turned clockwise, cam 144 
engages the tip of arm 152 and, by overcoming the 
biasing of springs 125 and 126, slides the measurement 
wheels away from each other, thereby allowing the 
introduction of wireline 14 between them. Opposite 
rotation of lever 145 allows the two measurement 
wheels to slide into contact with wireline 14. 
As shown in FIGS. 3A and 3D, offset slightly rear 

ward with respect to the center of the frame 85 and 
?xed on the rods 25 and 26, is a magnetic mark detector 
147 having concave poles 148 and 149 arranged near 
and over wireline 14. This detector is, for example, of 
the Hall effect type and delivers an electric signal when 
a magnetic mark moves between the poles 148 and 149. 
Not shown in FIG. 3D but shown in FIG. 3A is 

means for erasing the magnetic marks and means for 
inscribing newmagnetic marks on wireline 14. At the 
rear part of block 30 is ?xed a clevis 150 on which is 
hinged by means of a pin 151 a support 152. Two longi 

' tudinal rods 153 and 154 having the same spacing as 
rods 25 and 26 are ?xed to support 152 and have elastic 
bumpers on their front ends, such as 155, which move to 
a position opposite two other bumpers such as 156 
mounted at the rear ends of rods 25 and 26. A second 
chassis, made up of support 152 and rods 153 and 154, 
can thus swivel in a horizontal plane around the pin 151. 
The maximum angles which may be taken by rods 153 
and 154 with respect to axial plane 34, are however 
limited by the bumpers such as 155 and 156. At the 
bottom of support 152 is ?xed a solenoid 160 whose 
ends are terminated on insulated studs 161 and 162. 
These studs allow removal of the solenoid winding 
from the chassis to facilitate rotation of the winding 
around wireline 14 so the wireline will pass through its 
center. The solenoid then surrounds wireline 14 without 
touching it. If an alternating current source is connected 
through studs 161 and 162 into solenoid 160, the mag 
netic marks inscribed on wireline 14 will be erased as 
they go through the solenoid. . - 
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On an intermediate part of the rod 153 is ?xed, by 

means of lateral branches 158, an electromagnetic 163 
used for writing magnetic marks on wireline 14. The 
electromagnet 163 has two magnetic poles 164 and 165 
placed over and near the wireline. A pulse of current 
sent into electromagnet 163 writes a magnetic mark on 
the part of wireline 14 which at that moment is located 
opposite poles 164 and 165. On therear ends of rods 153 
and 154 is ?xed a guiding assembly 40C substantially 
identical to guiding assembly 40A which positions lon 
gitudinal rods 153 and 154 parallel to the section of 
wireline 14 located between the assemblies 40B and 40C 
and consequently determines the positions, over the 
wireline, of erasing solenoid 160 and of electromagnet 
163. It will be noted that when wireline 14 moves from 
front to rear; i.e., during an upward movement of bore 
hole tool 12 in borehole 13, it encounters successively 
poles 148 and 149 of magnetic mark detector 147, mark 
erasing solenoid 160 and then electromagnet 163. This 
arrangement makes it possible to use existing marks for 
a depth setting before erasing them and replacing them 
by new marks. Alternative positions for the mark detec 
tor, such as at 62 shown in FIG. 2, serve this purpose 
while going down the borehole. Of course, the positions 
of devices 160 and 163 would also need to be reversed 
to prevent erasure of the new marks in this case. 

Encoders 136 and 137 are connected to processing 
circuits shown in FIG. 4.. Referring now to FIG. 4, 
encoder 136 corresponding to the right wheel has two 
outputs 180 and 181 connected respectively to two 
ampli?cation and shaping circuits 184A and 184B 
whose outputs are connected to wheel calibration cir 
cuit 302 which will be described later in regard to FIG. 
7, and then to a directional logic circuit 386 having two 
outputs 387 and 388. The signals S384 and S385 appear 
ing on the outputs 384 and 385 are periodic rectangular 
signals whose frequency is proportional to the rotating 
speed of the measurement wheel 135. Signal S385 lags 
by a quarter cycle in relation to signal S384, as shown in 
FIGS. 6A and 6B, if the wheel 135 rotates in an up 
direction corresponding to raising borehole tool 12 in 
the borehole. If borehole tool vl2 is lowered in the bore 
hole, the wheel 135 rotates in the opposite direction and 
signal S385 leads by a quarter cycle with respect to 
signal S384, asshown in FIGS. 6P and 6Q. Directional 
sensing circuit 386 generates electrical pulses on its 
output 387 when the wheel 135 rotates in (the up direc 
tion as shown in FIG. 6C at S387 and on ‘:itS output 388 
if the wheel 135 rotates in the opposite direction, as 
shown in FIG. 65 at S388. Each'clectrical pulse corre 
sponds to a rotating increment of the measurement 
wheel 135. A further description of this type of encoder 
and direction sensing may be found in the previously 
discussed US. Pat. No. 3,566,478 issued :to Hurlston. 
As shown in FIG. 4, the output signals ‘of encoder 

137, corresponding to the left wheel 140, are similarly 
applied to amplifying and shaping circuits 190A and 
190B and then to wheel calibration circuit 303, then in 
turn to a directional sensing circuit 392 which generates 
electrical pulses on its output 393 in the up direction and 
on its output 394 in the down direction of wireline 14. 
Only the up-direction signals are shown for the left 
wheellin FIG. 6 at Gand H as S393 and S394. Each 
electrical pulse is representative of a rotation increment 
of the measurement wheel 140. The ‘four outputs 387, 
388, 393 and 394 are‘ connected respectively to four 
elementary memories 395, 396, 397 and 398 interrogated 
sequentially by a clock circuit 300. The four memories 
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and the clock circuit are designed to offset the time of 
the pulses capable of appearing simultaneously at out 
puts 387, 388, 393 and 394. Each pulse is kept temporar— 
ily in an elementary memory until the memory is inter 
rogated by a particular clock pulse Sl-S4. As shown in 
FIGS. 61 through 6N, interrogations by the clock cir~ 
cuit 300 are carried out at a frequency higher than the 
maximum frequency of the pulses being generated by 
directional sensing circuits 386 and 392. Incremental 
depth pulses, when present, thus leave memories 395 to 
398 when interrogated and therefore are offset with 
respect to time. 
As shown in FIG. 4, pulses output from the memories 

395-398 are applied to four AND gates 306, 307, 308 I 
and 309 which conduct during normal operation and 
whose purpose will be explained further below. The 
memory outputs are also applied to OR gates 325 and 
326. Before describing the function of these and related 
‘circuits, refer to FIG. 5 where process flow diagrams 
corresponding to these functions are shown. 
FIG. 5A describes the functions of a wheel calibra~ 

tion circuit such as those shown schematically at 301 
and 303 in FIGS. 2 and 4, and exempli?ed by the circuit 
diagram shown in FIG. 7. This circuit and its function 
will be described in detail later. For now, it suffices to 
consider the circuit as correcting two series of pulses by 
adding in N additional pulses each time a preselected 
number of input pulses is accumulated. FIG. 5B de 
scribes a slip detection process and FIG. 50 describes a 
signal averaging process and FIG. 5D a reset proce 
dure. 

In general, the slip detection process comprises com 
paring the short~term frequency of the left and right 
signal pulses. It will be recalled that these signals are 
independently generated and correspond to rotation of 
different but substantially identical measurement wheels 
both rotating with movement of wireline 14. The illus 
trated process utilizes an UP/DOWN counter initial 
ized to one-half a predetermined value. For a given 
wireline movement direction, as for example, move 
ment in the downward direction, signals from the left 
wheel are used to count up the counter while signals 
from the right wheel are used to count down. Each time 
the counter is incremented up, it is checked for over 
?ow or equalling the predetermined value and each 
time it is decremented, or counted down, it is checked 
for under?ow or reaching zero. Either condition indi 
cates one wheel is rotating faster than the other. The 
fastest wheel caused the generation of the pulse which 
created the under?ow or over?ow so that a check as to 
the source of the pulse identi?es the fastest wheel. 

Further pulses from the slower wheel may be subse 
quently inhibited and a corresponding slippage alarm 
enabled. The process then continues, utilizing only the 
independent signals corresponding to the fastest wheel. 
As previously explained, the detection of a faster ap 
pearing wheel may indicate, in addition to slippage of 
the slower wheel, a faulty signal from the encoder of 
electronics associated with the slower wheel. In any 
case, the signal from the apparently slipping wheel is 
unreliable and cannot be depended upon to repeat. 
Therefore, selection of the signal from the “faster” 
wheel is still correct, regardless of cause, and produces 
the desired result. 

Referring now to FIG. SE, a process corresponding 
to slippage detection and enablement of slippage alarm 
indications and selection of fastest wheel output is dia 
grammed. The corresponding portion of the circuit 
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diagram of FIG. 4 begins at the output of memories 395 
through 398. As the processes illustrated in FIG. 5 may 
be readily performed on a digital computer or micro 
processor, these ?gures are described in terms which 
would enable their programming. 

Beginning at point A of FIG. 58 where the routine 
SLIP is entered at block 440, it is determined as shown 
at block 442 whether the input pulses correspond to a 
left or right wheel signal. Corresponding respectively 
then at block 444 and 445, it is determined whether 
these pulses correspond to the up or down direction for 
movement of the wireline. Accordingly, as shown at 
block 446, pulses found to be left wheel down pulses 
and right wheel up pulses are used to increment the 
contents of a counter labeled COUNT, while left wheel 
up pulses and right wheel down pulses are similarly 
used to decrement the same counter as shown at block 
447. Initially, or upon each reset, and as indicated in 
block 438, the original count of this counter was equal 
to 7. Also shown at 438 are the normal conditions for 
operation which include enabling of the right and left 
pulse outputs and disablement of all alarms. A counter 
NT shown in FIG. 5D is also zeroed. 
Following each decrementation of the counter, and 

as shown at block 449 of FIG. 5B, the counter is 
checked to see if it has reached the level zero or under 
?owed, which would cause this test to answer YES and 
the process to proceed as shown to block 453. Similarly, 
for each incrementation of the counter and as shown at 
block 448, the contents of the counter is checked for 
over?ow or reaching a maximum about twice the dif 
ference between its initial and under?ow values or 16. If 
no under?ow, as indicated by a NO result for the test 
shown in block 449, or no overflow as indicated by a 
N0 result for the test shown in block 448, occurs, the 
process resumes at point B shown at 450 in FIGS. 5B 
and 5C. Otherwise, it is again determined whether the 
input pulse corresponds to a left or right pulse as ac 
cordingly shown for under?ows at block 453 and for 
over?ows at block 452. Subsequently, as indicated at 
block 454, left wheel under?ows or over?ows cause the 
inhibiting of the right wheel output, and similarly, as 
shown at block 455, right wheel underflows or over 
?ows cause the left wheel output to be inhibited. Fur 
ther, as shown at blocks 456 and 457, the corresponding 
slip alarm indicator is enabled. Then, depending upon 
whether the pulse is an up or down pulse, as indicated at 
block 458, the process continues at points F or G, re 
spectively, as shown at blocks 459 and 460 of FIGS. 5B 
and 5C. 

In summary, the process illustrated in FIG. 5B and 
which may be performed by the center group of circuit 
components shown in FIG. 4 determines which wheel 
appears to be the most rapidly rotating wheel. The 
signals corresponding to this wheel are then selected for 
output by inhibiting signals from the apparently less 
rapidly rotating wheel. An alarm such as shown at 352 
or 353 of FIGS. ‘2 and 4 is enabled to indicate which 
wheel appears to be slipping as indicated by its less 
rapid rotation. If the output from both wheels is found 
to be in balance, indicating both wheels are operating 
under the same wireline measurement conditions, the 
output may be combined to form an average as will now 
be described in regard to FIG. 5C. 

Referring now to point B in FIG. 5C, which is also 
shown in FIG. 5B and corresponds to the next step in 
the process, when no under?ow or over?ow is found an 
average routine is entered, as indicated at block 462 of 
















